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Abstract 
This paper presents the results of studying four samples of phosphor for white LED manufacture, including the results of 
spectrum analysis of the phosphors and colorimetric analysis data for light emission values of LEDs containing these phosphors. 
The paper also presents the results of analyzing colorimetric and brightness characteristics of phosphor-coated LED compound1. 
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1. Introduction 
    Semiconductor lighting technology is one of the national top-priority fields of science and technology in many 
developed countries. The main element of semiconductor lighting structures is a light emitting diode (LED). 
    LEDs are a cutting-edge technology in artificial lighting. In comparison with incandescent lamps and fluorescent 
tubes, their advantages include higher luminosity, energy efficiency, and longer life cycle of up to 50,000 hours. 
LEDs are environment-friendly and do not need any special disposal methods. It is these attributes of LEDs that 
make semiconductor lighting technology one of the most promising lighting technologies. LEDs found the widest 
application as surface-mounted packages (PLCC – Plastic Leaded Chip Carrier) with dimensions of 3.2 x 2.8 mm 
 
 
1 The work was performed with financial support from Ministry of Education and Science of the Russian Federation within the framework of the 
project RFMEFI57714X0061. 
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such as LA2 from Cree [1], NSSW063A from Nichia [2], and KIPD152А9-В from a Russian company [3]. The 
surface-mountable structure (PLCC) provides full automation both for high-performance LED manufacturing and 
for assembling LED-based lighting devices.  
In the Russian Federation, the increase of lighting efficiency is listed among the major objectives of the Federal 
Energy Conservation Program. 
     The main problems related to the development of LED technologies are achieving higher LED luminous 
efficiency and reliability. A number of scientific groups in Russia and abroad are working now to address these 
problems. In Russia, they are Lomonosov MSU (Lomonosov Moscow State University, Moscow), Ioffe PTI (Ioffe 
Physical Technical Institute, Saint-Petersburg), Rzhanov ISP (Rzhanov Institute of Semiconductor Physics, 
Novosibirsk) of SB RAS (Siberian Branch of Russian Academy of Science), NR TSU (National Research Tomsk 
State University, Tomsk), NR TPU (National Research Tomsk Polytechnic University, Tomsk), TUSUR (Tomsk 
State University of Control Systems and Radioelectronics, Tomsk), OJSC NIIPP (Research Institute of 
Semiconductor Devices, Tomsk), and others. LEDs are produced in CJSC Svetlana-Optoelectronics, Research and 
production center of optoelectronic devices Optel, CJSC Optogan, OJSC NIIPP, OJSC Proton, CJSC IF Tetis, and 
others.  
     This LED design employs a blue light-emitting chip and yellow phosphor.  
     Phosphor is one substance, which converts absorbed energy into emitted light. Phosphors consist of inorganic 
materials doped with optically active elements. The most common substrates are garnets whose chemical 
representation is А3В5О12, where A and B stand for chemical elements, and O is Oxygen. Within a large 
group of garnets we can distinguish yttrium aluminum garnet (YAG) having the formula Y3AI5O12. 
Phosphors based on this material are called YAG-phosphors. Rare-earth elements (REE), their oxides, 
and other compounds are used as optically active elements. Optical activity is a property typical of 
most REEs. The most common substance used to dope YAG-phosphors used in white light sources is 
cerium. Neodymium is used in YAG-lasers, erbium in optical amplifiers, and thorium oxide in gas 
lamps.
    The study of phosphor for white LEDs in Russia is covered mainly in the work of N. P. Soshchin, and 
the principal manufacturer of phosphor is LLC Luminophor. 
    One of the trends in the improvement of white LED efficiency is to use new types of phosphor [4, 5]. Radiation 
efficiency and light flux uniformity depend on the spatial arrangement of phosphor. There are two ways to arrange 
phosphor in the light source: short-range, and remote (with spatial separation). There can be two types of short-
range phosphor arrangement: throughout the source, and closest to the chip (conformal arrangement). Such an 
arrangement allows for lower manufacturing costs of white light sources, since the phosphor layer is deposited 
during formation of the semiconductor structure and not during light source assembly. Sources with phosphor 
conformal arrangement are characterized by small radiation area and high brightness, which makes them suitable for 
different optical systems, for example, in imagesetters. Devices such as car headlights often require lenses. This is 
the case for point sources, i.e., sources with small radiation area. 
    In the case of spatial separation, phosphor is placed at the maximum distance from the LED chip. In short-range 
phosphor arrangements there is a high probability of secondary phosphor emission on the semiconductor chip with 
low reflectivity. If the distance between the chip and the phosphor exceeds the cross-sectional dimensions of the 
chip, the probability of phosphor emission on the semiconductor surface decreases. Therefore, such light sources 
have a higher efficiency [6, 7]. The aim of our work is to investigate and choose the most effective phosphor for 
technological sealing of white LEDs. 
2. Research Methodology 
The study of chemical composition and the evaluation of phosphor particle size were carried out using the SEM 
TM-1000 scanning microscope with the Hitachi TM-1000 microanalysis system [8]. Phosphor was evenly and 
finely deposited on the substrate with a cavity of approximately 10 mm and placed into the scanning microscope. 
The spectrum analysis was conducted on a PC using appropriate software. Colorimetric analysis was carried out 
using the TKA-VD spectrocolorimeter [9]. The methodology for spectrocolorimeter-aided evaluation of phosphor 
was as follows: the phosphor, evenly dispersed on the substrate, was illuminated with a blue LED. Light reflected 
from it hit the sensor of the spectrocolorimeter at a distance of 5 cm. The PC display showed the software output 
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chromaticity diagram, which can be stored in a graphics file, and spectrocolorimetric parameters, which can be 
stored in a text file. The results were depicted in the text file with drawings (showing the composition of the 
material). The application software also makes it possible to study the material with 20x to 10000x zoom and to save 
a photograph if necessary. 
3. Research Results 
    Four samples of phosphor were studied and analyzed. Figure 1 shows the chemical composition of the first 
sample by percentage. 
 
 
Fig. 1. Chemical composition of sample 1 by percentage. 
 
 
                     Table 1. Parameters of phosphor samples 1–4. 
Phosphor Chemical composition Particle sizes Color coordinates 
Sample #1  Y – 10,4%; O – 51,8%; Al – 22,3%;  C – 11%, Ba – 0,6%; F – 4%. from 9 mcm to 20 mcm 
x = 0,419 
y = 0,473 
Sample #2 
Pd – 39,3%; Cr – 49,1%; Cl – 11,6%. from 9 mcm to 21 mcm x = 0,431 y = 0,490 
Sample #3 
C – 62,4%; Al – 15,1%; Y – 4,3%; O – 
17%; I – 1,1%. from 9 mcm to 13 mcm 
x = 0,371 
y = 0,432 
Sample #4 Y – 10,8%; O – 50,5%; Al – 15,9%; C – 
22,8%. from 4,5 mcm to 14 mcm 
x = 0,412 
y = 0,456 
4. Production Technique 
     To achieve maximum efficiency in the test LED design, the authors used the technique of spatial separation of 
phosphor and the LED chip. For this purpose, the compound mixed with hardener was deposited on the LED chip so 
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that it occupied half of its volume. Then, the compound mixed with the hardener was deposited on top of it 
containing 7% of phosphor. After that, the sealed compound was hardened in the oven for 2 hours at 70°C. 
    The evaluation of the LED’s luminous efficiency and its tristimulus values was carried out by direct illumination 
of the spectrocolorimeter sensor with the phosphor-sealed LED at a distance of 11 cm (in order to stay within the 
brightness sensing limit of the device). The supply voltage, applied to the LED, was 3 V and the input current was 
10 mA. Table 2 shows the tristimulus values for phosphor-sealed LEDs. For comparison, the table also shows 
tristimulus values for the phosphors in Table 1. The measured brightness made it possible to calculate the spectral 
luminous efficiency of these LEDs. 
 
                Table 2. Properties of LEDs with phosphor. 
LED with 
phosphor 
Color coordinates of LED with 
phosphor 
Phosphor color 
coordinates 
Relative luminous 
efficiency, % 
Sample №1 x = 0,329 y = 0,386 
x = 0,419 
y = 0,473 46% 
Sample №2 x = 0,339 y = 0,387 
x = 0,431 
y = 0,490 57% 
Sample №3 x = 0,278 y = 0,306 
x = 0,371 
y = 0,432 100% 
Sample №4 x = 0,269 y = 0,302 
x = 0,412 
y = 0,456 86% 
 
    As shown in Table 2, the tristimulus values for LEDs sealed with phosphor correspond to white light emission 
[9], with samples 1 and 2 having warmer light and samples 3 and 4 having colder light. Samples 3 and 4 have higher 
luminous efficiency, which is explained by the greater uniformity of the structure, hence smaller reflection in the 
phosphor-sealed chip. 
 
5. Conclusion 
     In the course of this work the authors carried out an experimental study of the design, composition and 
colorimetric parameters of phosphors, and of sealed LEDs with these phosphors, and performed spectrocolorimetric 
analysis of the sealed LEDs. It was shown that the chromaticity of the phosphors lies in the range of yellow and 
yellow-green color. The light emission of sample 3 is the closest to the tristimulus values of white light. Out of all 
types of phosphor, sample 1 was noted to have the biggest particle size range and sample 3 the smallest. The range 
of particle sizes impacts the luminous efficiency of LEDs since, during the process of sealing, bigger particles 
(heavier particles) deposit on the bottom of the fill while smaller particles remain on the surface of the LED lens. 
Therefore, sample 3 shows the highest efficiency and tristimulus value stability in comparison with the other 
investigated phosphors.  
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